Traditional Chinese Medicine (TCM) is becoming more and more popular all over the world. Novel analytical tools for quality control are highly demanded enabling analysis starting at breeding and ending at biological fluids including urine or serum. Compared to analytical separation methods (chromatography, electrophoresis) near-infrared spectroscopy (NIRS) allows analyzing matter of interest non-invasively, fast and physical/chemical parameters simultaneously. It can be used for the quantitative control of certain (active) ingredients. In many cases identification can only be achieved by pattern recognition. Therefore, NIRS combined with cluster analysis offers huge potential to identify e.g. species, geographic origin, special medicinal formula etc. In the present contribution the fundamentals, possibilities of NIR applied in quality control of TCM are pointed out and its ad-and disadvantages are discussed in detail by several practical examples.
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Traditional Chinese Medicine (TCM) [1] . Traditionally applied identification, physical and chemical description follow distinct and complex experience rules [1, 2] , which in many cases do not enable an exact, clear and objective determination. Often only a (dried) part of the plant (or even animal) is present and then identification is based on personal and subjective operator decisions.
Due to these circumstances, several new analytical techniques were established during the last three decades enabling a more objective analysis:
The introduction of liquid chromatography (LC) [3] in the early 80ies and capillary electrophoresis (CE) [4] allowed a fast separation of low nad high molecular weight ingredients. Due to the establishment of LC coupled to mass spectrometry (MS) via an electrospray interface (ESI), which was honored with the Nobel Prize given to Fenn in 2002, much more complex samples of interest could be put under consideration. Different kinds of carrier materials applied as a stationary phase in solid-phase extraction (SPE) were designed to selectively enrich analytes of interest deriving from crude biological matrices including plant extracts, serum and urine [5] . Biochemical methods including DNA marker and coding were introduced for species identification [6] . Although, each of these methods is highly efficient, several different expensive machines controlled by special trained staff are required and finally, experiments are time consuming, being hardly suitable to high-throughput analysis [7] . Near infrared spectroscopy (NIRS), which was already introduced in 1980, offers several advantages, including fast and simultaneous determination of different physical and chemical parameters, as well as easy operation at low costs after a careful calibration of the entire system. In the following chapters the fundamental principle, potential, ad-and disadvantages of NIRS applied as a tool for quality control in TCM are pointed out and discussed in detail.
Fundamental principles of near-infrared spectroscopy
Near-infrared spectroscopy (NIRS) is a spectroscopic method using the region of the electromagnetic spectrum from 4.000 to 12.800 cm -1 (2500 -780 nm) [8] , 5 which was already discovered by Herschel in 1800. The NIR region covers the overtone and combination transition vibrations of mainly the C-H, O-H and N-H groups. The molar absorbance in the NIR region is typically quite small and due to broad signals more difficult to identify in comparison to mid-IR (MIR, 2.500 -25.000 nm) spectra because of the higher grade of overtone and combination excitations. For spectral data evaluation two methods, raw spectra interpretation and chemometrics/multivariate data analysis (MVA) are commonly used to elucidate the NIR spectra [9] . Visual spectra interpretations and absorbance band assignments play an important role, especially for the comparison of pure materials but also of rather complex spectra [10] . MVA based calibration techniques are applied to combine the spectral data with target parameters transferred from reference techniques or to expose similarities and hidden data structures in the spectra [11] [12] [13] . NIRS coupled with spectra pre-treatment methods (derivatives, smoothing, normalization, filters, and baseline-and multiplicative correction methods) and multivariate methods (e.g., principal component analyses, PCA; partial least squares, PLS; multiple linear regression, MLR; principal component regression, PCR) has been successfully used for the simultaneous analysis of chemical and physical parameters in agriculture, pharmaceutical and material analysis [14] [15] [16] . One of the forerunners of modern NIR applications, Karl Norris of the U.S. Department of Agriculture, used the NIR wavelength region for the spectral analysis of moisture content of grain and seeds [17] , which at the same time was the first application of NIR in plant analysis. Radiation in the NIR region can typically penetrate deeper into a sample than MIR. Instrumentation for NIRS is suitable either for measurement in reflection/transflection (R), transmission (T) or interaction (I) mode (Figure 1) . It has generally been described to be very useful in probing bulk material with little or no sample preparation. NIR is a non-invasive, fast analytical technique since the sample of interest (tissue, extract, tablet, etc.) must not be destroyed for the analytical procedure. Next to this, NIRS possess the following additional advantages over other analytical techniques: Chemical (class of plant ingredients) and physical parameters (solvent composition, viscosity, pH, and conductivity) can be determined simultaneously; Measurements are robust and cheap; Analyses can be carried out off-line, on-line or in-line; High suitability for 6 automation and high-throughput screening is guaranteed and measurements do not require special trained staff.
NIR in quality control of TCM by quantitative measurements
In many cases quality control is achieved by quantitative measurement of interesting components. Therefore, it is essential to calibrate the NIR system with a suitable set of samples, analysed by a reference method. Reference analysis is carried out by chromatographic/electrophoretic methods including iquid chromatography (LC), LC coupled to mass spectrometry (MS), micro-liquid chromatography (µ-LC), gas chromatography (GC), capillary electrophoresis (CE) and capillary electrochromatography (CEC) or wet chemical analysis (titration etc) [3, 7] . Thus, Huck et al. introduced in 1999 a strategy, which enables determination of plant content in a multi-plant extractive system by analysing its corresponding leading compound (Figure 2 ) [19] . Furthermore, other parameters e.g. pH, viscosity, solvent composition can be determined simultaneously by calibrating the system with the appropriate reference method.
The suitability of this strategy of analysis was successful demonstrated by simultaneously analysing the leading compound 3´,4´,5´-trimethoxyflavone, water and ethanol content in a huge sample set of Flos Primulae veris [19] and was found to be also applicable to the analysis of St. John´s Wort [20] extracts.
The biggest obstacle for quality control in TCM is the fact that there are often many compounds (some time more than hundred) in a raw material and no information is present about the individual health effect, which is valid for most Traditional Chinese Medicines. In this case, the second quality control approach by NIRS is the establishment of a qualitative cluster model, which can be suitable for a fast authentication and identification of raw material recording to their origin and composition, respectively. In the past, this method was shown to be highly efficient for controlling the sort, origin and year of wines [21, 22] .
Applications of NIR in TCM
In Austria NIRS in the analysis of medicinal plants ("phytomics") has been introduced at the Institute of Analytical Chemistry and Radiochemistry, Universtiy of Innsbruck, in 1999 [19] . In parallel, approximately at the same time NIRS was established as a novel tool for quality control in China. Now, NIRS is 7 used not only for authentication, identification and quantification of raw material, but also for process quality control and/or extraction monitoring. Not only single raw materials, but also complex formulas are current subjects of investigation.
TCM includes besides medicinal plants also medicine prepared from animals, fungus and minerals; NIRS is used not only for monitoring the secondary metabolites, but also for the determination of additional parameters, e.g., fiber, moisture, etc. Due to short measurement times of only a few seconds, the use of optical fiber probe makes NIRS attractive for on-line monitoring. In Figure 3 the main application fields of NIRS in TCM are summarised including control of  raw materials  production and extraction processes  preparation of medicinal formulation, which is described in detail in the following chapters.
Control of raw materials
Compared to chromatography, electrophoresis and MS no sample destruction is required for NIRS. Information can be gathered from the intact entire piece of sample. This circumstance makes NIRS the preferred tool for pattern recognition of raw materials applied to  identify falsification  classify material into species, geographic regions  identify multi-originated raw materials  identify geographical provenance ("geoherbs") and habits  quality control by quantitative analyses of ingredients
Identification of falsification
Truth or false identification is the first step in the characterisation of raw materials. Xiang et al. [23] as well as Tang et al. [24] which is used to relieve blood stasis, stop bleeding, treat stranguria and aponicas pain. The established model used the 2 nd derivative spectra, vector normalization and factor method for classification [27] .
Classification into species, geographic regions
In some cases original plants or animal species and origin are unconfirmed and 
Identification of multi-originated raw materials
Identification of geoherbs and habits
The term "geoherblizm" was introduced in ancient Chinese to describe raw materials related to a certain habit and is used as a synonym for good quality. A top-geoherb is geoherblizm with superior quality originating from preferred geographical areas. This "geoherblizm" principle is applied as a quality standard controlling method of TCM raw materials. The traditional identification strategy is based on experience and in many cases difficult underlying subjective decisions.
Via NIRS geoherblizm can be characterised using cluster analysis. as the validation data set were 96.6% using the DA method after the SNV first derivative spectral pre-treatment ( Figure 5 ) [38] .
Quality control by quantitative analyses of ingredients
One important point in quality control is the presence of certain compounds at specific concentration levels. Therefore, ingredients of interest in raw materials or deriving extracts can be determined directly and quickly by applying quantitative regression analysis, which is established by calibrating NIR values against true values deriving from reference (such as gas chromatography, GC; coefficients were 0.544‰ and 0.998, respectively [43] .
In some cases it is necessary to detect several independent active ingredients in a formulation simultaneously. 
Processing and extraction
In the following two chapters the suitability of NIRS to monitor the quality during the production and extraction procedure are summarized. 
Processing quality control (QC)
Most
Extraction quality control
During recent years, extracts have even become more popular in TCM, because they are easy to prepare and are known to have a good patience compliance.
The collected powder samples of Ginkgo biloba extracts were analyzed by HPLC and NIR, followed by chemometrical data treatment. The results showed that MPLS (modified partial least squares) regression model gave the best result.
The multi-correlation coefficient of the prediction samples was 0.973, the recovery 96.15%-102.0%, with RSD of 1.1%. The elaborated method indicated that the total flavones in powder of G. biloba extract could be determined directly with high accuracy [48] . Results showed that the coefficients of correlation of inner cross validation and external validation were both above 0.90, and both RMSECV and RMSEP below 0.05. The calibration models were used for testing a new set of unknown samples, and the results were highly satisfying. The presented method is timesaving and accurate, which indicates potential to be widely used in the water content determination of TCM extracts [49] .
Panax notoginseng herb extracts were investigated by NIR, HPLC and colorimetric method to monitor the content of ginsenosides Rg1, Rb1, Rd and saponins. The NIRS calibration models of ginsenoside Rg1, Rb1, Rd were built by using support vector regression (SVR). This method was compared with partial least square regression (PLSR) and radial-basis function neural network (RBFNN) modeling methods. The results showed that the predictive accuracy of NIR calibration models built by SVR was much better than that of the models built by PLSR and RBFNN [50] .
Preparation of medicinal formulation
On one hand it is important to have a tool enabling online control during preparation according to special traditional protocols and on the other hand to control quality of medicine prepared according to patent guidelines.
On line detection during manufacturing
Good manufacturing practice (GMP) is a worldwide popular modus operandi for ensuring quality of medicine and was introduced into TCM in 1990. Quality control based on SOP (standard operation practice) during the courses is the key of success for GMP. The commonly used off-line detection is not only time-costing, but also increasing the production. Therefore, NIRS offers the additional advantage of on-line detection using fiber optics.
To study the relationship between on-line NIR spectra and off-line HPLC of [53] .
To realize the on-line quality control during the extraction of the multi-originated Danshen herbal system, compound danshensu was chosen as a representative active component. PLS was used to establish the relationship between NIR spectra and HPLC analysis. The optimum NIR wavelength range was 9.715 -7.082 cm -1 , R = 0.9594, RMSEC =0.0494, the average relative error was 7.2 %.
It was demonstrated that this elaborated NIR technique could be used in the on-line quality control of compound Danshen's extracting process [54] .
To study the most suitable conditions for the extraction process of oridonin from
Rabdosia rubescens (Hemsl.) Hara, chromatographic data of oridonin content were correlated with NIR spectra. The model allowed optimizing the extraction procedure towards high purity of oridonin. Finally, methods advantages were summarized being fast, safe, lower cost, simple and high reproducibility [55] . 
